Abstract. The life histories and population dynamics of chameleons remain poorly known, most likely due to practical challenges related to their cryptic nature. However, several studies have indicated that some of these reptiles have unusually brief life histories. Specifically, one Madagascan chameleon (Furcifer labordi) was found to have an annual life cycle characterized by population-wide survival of the austral winter in the egg stage; a unique life history among tetrapods. In this study, we compare the life history of F. labordi with two locally sympatric congeners (F. cf. nicosiai and F. oustaleti) in Kirindy forest, western Madagascar, to determine how these species adjust their life histories to a highly seasonal and unpredictable climate. We found differences in lifespan, timing of hatching, growth rates, survival, reproductive rates, adult body size, and roosting heights among all three species. Moreover, two species exhibited relatively short lifespans: 6-9 months in F. labordi and 16-18 months in F. cf. nicosiai. In contrast, F. oustaleti is perennial and large-sized juveniles and adults aestivate during the dry season, but survival rates of adults seemed relatively low. Strikingly, the annual cohort of F. labordi was already adult when hatchlings of F. oustaleti and subsequently F. cf. nicosiai emerged. Our study suggests the co-existence of three different life histories with seasonal adjustment that might be related to the partitioning of overall food availability and contributes valuable life history data on enigmatic chameleon species.
Introduction
Life history theory predicts that a high risk of extrinsic adult mortality selects for fast growth, early maturation, high investment in reproduction and short lifespans, whereas high adult survival probabilities favour slow growth rates, delayed maturation, low reproduction output and long lifespans (Stearns, 1992) . Reptiles contain both the longest-lived tetrapod species (tortoises; Patnaik, 1994; De Magalhaes and Costa, 2009) , as well as the shortest-lived one: Labord's chameleon, Furcifer labordi. These chameleons from the deciduous dry forests in western Madagascar have a lifespan of only 4-9 months (Karsten et al., 2008; Eckhardt, Kappeler and Kraus, 2017) , probably as an adaptation to the biphasic and highly variable annual climate. At the beginning of the local rainy season in November, hatchlings emerge that grow rapidly, achieving sexual maturation after 2-3 months. Hereafter, a mating season characterized by intense combat among males and egg deposition of females ensues. With the beginning of the dry season in April, both sexes begin to disappear rapidly. As temperature drops toward the dry season, eggs are presumably in torpor for several months, while embryonic development probably continues from August on until a new cohort of hatchlings appears with the onset of the next rainy season (Karsten et al., 2008) .
Interestingly, there seems to be considerable intra-specific variability in lifespan of this species related to variation in ecological factors, such as precipitation and food availability, indicating that some life history traits exhibit regional variability in response to ecolog-ical variation. While in the southernmost and driest part of their distribution range (Ranobe Forest, ca. 30 km north of Toliara), both sexes disappear synchronously at 4-5 months of age (Karsten et al., 2008) , lifespan near the northern distribution range (Kirindy Forest, ca. 60 km northeast of Morondava) is prolonged in both sexes to 6-9 months (Eckhardt, Kappeler and Kraus, 2017) . Males from Kirindy were also significantly larger than their conspecifics from Ranobe (Eckhardt, Kappeler and Kraus, 2017) . Moreover, following an unusually long rainy season, one female at Kirindy survived until the next breeding season, and some caged individuals of both sexes survived the entire austral winter (Eckhardt, Kappeler and Kraus, 2017) .
While no other chameleon was yet reported to have such a short life span, little is known about the nature of life histories of most other chameleon species. The few existing studies indicate that chameleons as a group are characterized by relatively fast life histories. A study of Andreone et al. (2005) revealed that panther chameleons (F. pardalis) show rapid growth rates and rarely live longer than one year. Furthermore, a study of Dwarf chameleons (Bradypodion pumilum) documented annual survival of about 5% (Tolley et al., 2010) . Moreover, a study of mortality rates of captive reptiles indicated that chameleons were the group in which probability of death within one year after purchasing was highest (Robinson et al., 2015) . On the other hand, a recent study on one of the largest chameleon species Parson's chameleon (Calumma parsonii) revealed that some specimens survived up to 9 years in nature (Tessa, Glaw and Andreone, 2017) . Therefore, additional studies are indicated to unravel the factors favoring the evolution of life histories in this lizard family.
Labord's chameleon occurs sympatrically with other Furcifer species, making this lineage particularly well suited for comparative studies of interspecific life history variation and its ecological determinants. In relation to other members of their genus, F. labordi is relatively small-sized exhibiting a mean snout-vent length (SVL) of 100.3 ± 8.52 mm for males and 73.3 ± 3.7 mm for females, F. cf. nicosiai a medium-sized (mean SVL 136.4 ± 13.6 mm for males, 102 ± 5.2 mm for females) and F. oustaleti a large-sized (mean SVL: 273.5 ± 7.5 mm for males, 170.2 ± 9.6 mm for females) species. While F. labordi and F. cf. nicosiai are restricted to the remaining intact forests within their distribution range in western Madagascar, F. oustaleti is also relatively common in disturbed areas and has a vast distribution (Glaw and Vences, 2007) . Regarding the nomenclature of F. cf. nicosiai, the study population in Kirindy Forest is similar to F. nicosiai described from PN Tsingy de Bemaraha (Jesu, Mattioli and Schimmenti, 1999) . However, Randrianantoandro et al. (2010) mentioned some morphological differences between both populations and named the population occurring in the Menabe Central region F. cf. nicosiai, which we maintain here.
The specific aim of this study was to compare the life cycles of these three locally sympatric Furcifer species, focusing on population densities, survival, growth and reproductive rates. Moreover, we examined interspecific variation in roosting heights, which might be indicative of potential spatial niche segregation. Additionally, as the climate of Madagascar is characterized by highly unpredictable rainfall patterns from year-to-year (Dewar and Richard, 2007) , we also investigated inter-annual variation within species to compare intraspecific plasticity in life histories. As chameleon populations might heavily depend on environmental factors such as rainfall, primary production and therefore insect occurrence, we correlated our findings to fluctuation of green vegetation cover. Here, we used the Normalized Difference Vegetation Index (NDVI; Myneni et al., 1995) to determine the relationship between vegetation alteration and chameleon population dynamics.
Materials and methods

Study site
Kirindy Forest is located in the region of Menabe Central, Western Madagascar, ca. 60 km northeast of Morondava (44°39 E, 20°03 S, 30-60 m asl). It is one of the largest remaining Malagasy dry deciduous forest fragments that has historically undergone selective logging, mainly for Dalbergia spp. (Zinner et al., 2014) . The local climate is characterized by a hot rainy season between November and April, followed by a cool dry season from May to October (Kappeler and Fichtel, 2012) .
Study species
Furcifer labordi is a medium-sized and sexually highly dimorphic chameleon from the western and southwestern regions of Madagascar. Males have a snout-vent length (SVL) of approx. 100 mm and exhibit a large cranial casque, a well-defined rostral appendage and a continuous dorsal crest. Ground coloration is a light green with a white lateral stripe. Females have an average SVL of 73 mm and offer a poorly developed dorsal crest situated in the nuchal region. Ground coloration is green with blue and violet blotches on the flanks and dorsally orientated bright orange markings (Glaw and Vences, 2007) .
Furcifer cf. nicosiai is a relatively large and seems to be associated with intact dry forests (Jesu, Mattioli and Schimmenti, 1999; Glaw and Vences, 2007) . Males have a SVL of approx. 136 (this study; see below) mm and a continuous dorsal crest extending on the tail. Females have a SVL of approx. 102 mm (see below) and a poorly developed short dorsal crest emerging from the nuchal region. Ground coloration of both sexes is a pale brown with diffused brown marbling and a white stripe, which is more dominant in males. During the mating season, males exhibit a bright yellow latero-ventrally orientated coloration. The body of the females appears in a reddish coloration accompanied by bluish cheeks. The population in the Kirindy Forest is similar to F. nicosiai that was described from the PN Tsingy de Bemaraha (Jesu, Mattioli and Schimmenti, 1999) , but morphology indicates some differences between both populations (Randrianantoandro et al., 2010) . We therefore refer to the individuals from the population in Kirindy as F. cf. nicosiai to indicate that this taxon in need of further taxonomic investigation.
Furcifer oustaleti is one of the largest chameleon species growing to 273 mm in SVL in males and widespread throughout Madagascar (Glaw and Vences, 2007) . Males possess a high casque and a notable continuous dorsal crest. Ground coloration is a grayish brown with a reddish throat. Females have a SVL of approx. 170 mm and exhibit a smaller continuous dorsal crest and ground coloration is more variable.
Vegetation cover: Normalized Difference Vegetation Index (NDVI).
The NDVI has been reported to correlate strongly with above-ground net primary productivity (Myneni et al., 1995 ; see also http://daacmodis.ornl.gov). The index is obtained from the reflection rate of red light RED and near infrared light NIR [NDVI = (NIR − RED)/(NIR + RED)], in which NIR and RED are the amounts of near infrared light and red light that is reflected by the vegetation and recorded by the satellite's sensor. The formula results from the fact that chlorophyll strongly absorbs RED whereat NIR is re-emitted. To compare seasons with each other, we measured the proportion of vegetation cover from the beginning of the rainy season (Nov-Dec), from the peak until the end of the rainy season (Jan-Apr) and during the dry season (May-Oct) from November 2013 until December 2015. For analysis of the NDVI, we selected a square in the center of our study site.
Capture-mark-recapture study. Chameleons were located at night using LED flashlights. The capture location was marked and GPS data were taken. We sampled alternating along two transects of 3 km length each. We had a perseverative order of 10 sampling nights with a pause of four nights in each field season. Animals were transported to the nearby research station in cloth bags and handled the following morning. They were sexed, age categorized (hatchling, juvenile, adult), and their snout vent length (SVL) was measured. Hatchlings were identified due to a little opening of the abdominal wall caused by former connection with the yolk sack. In all three species, growing individuals were classified as juveniles until sexual maturity, which was inferred from the appearance of a colourful mating pattern in females and the presence of a distinct hemipenis bag in males. Animals were individually marked by visual implant elastomers (VIE; Northwest Marine Technology Inc., Shaw Island, WA) (MacNeil et al., 2011) . Hatchlings and small juveniles were individually marked with nail polish on the toes. All chameleons were released at their point of capture within 12 h. Sampling took place over three field seasons: November 19, 2013 -July 8, 2014 , and January 11, 2015 -July 15, 2015 , and October 12, 2015 -December 17, 2015 . Furcifer oustaleti were only sampled in the second and third field season.
Growth rates. We calculated the growth in snout-vent length (SVL) for each species per sex and month. We took the estimated point of hatching and calculated average SVL of hatchlings as a starting point for subsequent calculations. To assess intraspecific differences in growth and SVL between years, we used a t-test to compare specimens captured in March, as sample size was highest in this month for adults of F. labordi and F. cf. nicosiai. Moreover, we showed the percentage of SVL difference from 2014 and 2015 in F. labordi from January until May and F. cf. nicosiai from January until April, when the amount of specimen was sufficient to compile an average SVL ( 5 individuals/sex).
Survival probability (recapture rates).
To estimate survival probabilities, we calculated the percentage and frequency of recaptured chameleons with regard to species, sex and age. Here, we treated F. labordi as one cohort and distinguished between juveniles and adults in the two other species. The cohort entering the rainy season was considered as adult. Individuals that hatched during the rainy season were considered as juveniles.
Reproductive rates. The abdomen of each collected adult female was palpated for the presence of eggs in the abdominal cavity. We calculated the percentage of gravid females per month during the entire reproductive period to estimate reproductive rates.
Roosting heights. For each detected specimen, we recorded roosting height to the nearest 0.1 m with a telescopic pole. We compared roosting heights among adults of all three species with ANOVA. When comparing roosting heights within species between different years, we used a t-test. Here, we compared roosting heights between the years 2014 and 2015 that were measured from February until May to determine inter-annual variation within species that might be related to differences in rainfall patterns.
Results
Normalized Difference Vegetation Index (NDVI)
The average vegetation cover in the beginning of the rainy season in 2013/14 (Nov-Dec) showed a proportion of 0.586 ± 0.045 SD, followed by 0.8265 ± 0.06 SD (Jan-Mar) and 0.6349 ± 0.1063 SD in the dry season (MayOct). The average vegetation cover at the beginning of the rainy season 2014/15 (Nov-Dec) was 0.5147 ± 0.038 SD, followed by 0.8507 ± 0.008 SD (Jan-Apr) and 0.7123 ± 0.078 SD in the dry season (Apr-Oct). Comparing seasons among each other revealed that the beginning of the rainy season in 2013/14 was characterized by more vegetation cover than in 2014/15. However, the following rainy and dry season in 2015 showed remarkably more vegetation than in 2014, following heavier rainfalls. Reviewing average vegetation cover from 2006 until 2015, we calculated an average value of 0.6415 ± 0.1272 SD for the beginning of the rainy season, 0.8382 ± 0.048 SD for the rainy season and 0.6395 ± 0.095 SD for the dry season. Comparing the field season with the average vegetation cover with the ten-year average, we found that the beginning of the rainy seasons showed relatively little vegetation cover in 2013/14 and especially in 2014/15. The rainy season in 2014 showed marginally lower, and in 2015 marginally higher proportion of vegetation cover. The dry season in 2014 was rather average, whereas the dry season in 2015 showed remarkably higher vegetation cover (table 1) . The high vegetation cover in this dry season was followed by an above average vegetation cover in the beginning of the subsequent rainy season.
Age, population structure and life histories
Furcifer labordi. We detected first hatchlings in mid-October, at the beginning of the rainy season. This cohort grew up and reached maturity by February. After the mating season, males disappeared in late May, whereas the last females were found at the beginning of July. However, after an unusually long rainy season (2015) both sexes survived considerably longer. For more detailed information see Eckhardt, Kappeler and Kraus (2017) and fig. 1 .
Furcifer cf. nicosiai. At the beginning of the rainy season in November 2013, we found a cohort of juveniles that had hatched during the previous active season. We encountered first adult males around mid-January and the first adult females at the beginning of February. After this date, all collected individuals from this cohort were sexually mature. Hatchlings were found around mid-February. In the season 2013/14, the last adult male was encountered on June 10, and the last adult female at the end of June. In the second season in 2015, however, adult males and females were encountered until the end of the field season in mid-July. At this point, some adults seemed to be in good physical conditions, whereas others showed visible signs of senescence. During the third field season in October 2015, we detected a cohort of juveniles as well as two adult females that had overwintered from the previous dry season. One of these females was marked in the previous season and subsequently recaptured several times in good physical condition ( fig. 1 ).
Furcifer oustaleti. In the second field season 2015, we encountered a cohort of large juveniles originating from the previous rainy season that were close to maturation. Additionally, we detected adult individuals that hatched at least in 2013. In mid-January, we observed hatchlings. Afterwards, we detected exclusively adults and young juveniles that grew up rapidly. During the final field season, we found both large juveniles that hatched in the previous rainy season and adults ( fig. 1 ).
Species abundances.
In the second field season, F. labordi were the most frequently found chameleons until May, followed by a decline towards the dry season. Adult F. cf. nicosiai represented the second most abundant category of animals captured between January and March, with a subsequent decline in detection toward the onset of the dry season. From January (month of hatching) onwards, the number of detected juvenile F. oustaleti continuously increased. We found similar pattern for juvenile F. cf. nicosiai from February onwards (month of hatching). The number of recorded adult F. oustaleti was low throughout the season ( fig. 2 ).
Survival probability (rate of recaptures).
The lowest rate of recaptures was found for F. labordi. Comparing adult F. cf. nicosiai with F. oustaleti, we found about twice as many individuals in the former species, whereas the probability to re-capture an adult F. oustaleti several times was much higher. Juvenile F. oustaleti had the highest percentage of repeated recaptures (see fig. 3 ). age SVL and females gained 190.6% in average SVL (see supplementary table S1 ). In 2014, average adult SVL was significantly larger in both males (t = 3.89, P < 0.001) and females (t = 2.41, P < 0.05) compared to 2015 ( fig. 5 ).
Furcifer cf. nicosiai. In the first and second field season, we detected hatchlings in midFebruary. Their average SVL was 3.08 cm ± 0.09 cm (n = 4). In 2014, juvenile males gained 113% in average SVL and females gained 67.2% in average SVL until the onset of the dry season (see supplementary table S2 ). In 2015, males average SVL increased by 107.8% and females average SVL increased by 60.4%
of SVL until the onset of the dry season (see supplementary table S3). As in F. labordi in 2014, average SVL was significantly larger in adult males (t = 3.51, P < 0.001) and females (t = 3.74, P 0.001) compared to 2015 ( fig. 5) . In both seasons, we found remarkably more juvenile males (n = 319, 71.8%) than females (n = 125, 28.2%). In average, males gained 342% and females 231% in SVL from the size of a hatchling until adult body size (see supplementary table S4 ).
Furcifer oustaleti. In mid-January 2015, we found two hatchlings with an average SVL of 2.5 cm ± 0.14 cm. Both sexes grew rapidly, gaining 510% of average SVL in males and 424% of average SVL in females until the onset of the dry season (see supplementary table S5) . Within this cohort, we found more females (n = 104, 58.4%) than males (n = 74, 41.6%) (fig. 4) . In total, males gained in average 992% in SVL and females 580% from the size of a hatchling until adult body size.
Reproductive rates
Furcifer labordi. In the reproductive season 2014, we first detected gravid females at the end of January. From this date on we regularly found gravid females and their percentage increased steadily (table 2) , whereas their total number decreased from the end of April onwards. During the reproductive season 2015, we found first gravid females at the beginning of February. Again, the percentage of gravid females increased towards the end of the reproductive season, and the total number of females decreased from the end of April onwards (table 2) . In total, we found four dead gravid females containing 6-8 eggs in their bodies. Eggs of one female containing 7 eggs had a mean length of 1.24 ± 0.03 cm and weight of 0.375 ± 0.01 g. Another 6 ).
Discussion
Age, population structure and life histories
Our study revealed considerable differences in life history characteristics across three locally sympatric Furcifer species. We detected differences in the period of hatching, species abundance, survival probability, growth, reproduction and roosting heights. Hatchlings of F. labordi appear from mid-October onwards, and this cohort is already adult by the time hatchlings of F. oustaleti and F. cf. nicosiai appear. As juveniles of all three species are of similar size, the temporal shift in species-specific occurrence of hatching suggests resource portioning as an underlying factor. Since the increase in ambient temperature is considered to initiate development of diapausing embryos in chameleons (Andrews and Donoghue, 2004; Andrews et al., 2008) , the three species might have different temperatures terminating diapause. Moreover, we found different lifespans that correlated positively with body size (see also Speakman, 2005) in combination with male-biased early mortality, which might be related to sexspecific costs of reproduction (Cuadrado, 2001; Gehring et al., 2008) . Finally, we documented some variability in the lifespan of F. labordi and F. cf. nicosiai, suggesting that their survival is related to the availability of suitable prey, water and habitat. Compared to other lizards, chameleons seem to have remarkably shorter lifespans. Published reports of life histories of chameleons in nature are rare, but available studies suggest that this family displays short life spans in nature (Andreone et al., 2005; Karsten et al., 2008; Tolley et al., 2010) . These findings also indicate that the reported high mortality rates of chameleons in captivity (Robinson et al., 2016 ) are due to their naturally fast life histories.
An important variable of the life history is age at maturity, which in lizards is generally positively correlated with body size (Meiri, Brown and Sibly, 2012) . However, several medium-sized Madagascan chameleons, such as F. campani, F. lateralis and F. antimena, are known to reach maturity within one season (Raselimanana and Rakotomalala, 2003) , suggesting a short lifespan in these species as well. Moreover, compared to many other similar-sized lizard taxa, chameleons have the largest clutches and are among the most productive ones (Meiri, Brown and Sibly, 2012) , indicative of fast life histories. In addition, large clutch volumes and high relative clutch mass have predominantly been documented in reptiles with cryptic behavior, where the probability of escaping predators does not depend on rapid movements (Vitt and Price, 1982) .
The short documented life cycles in chameleons might be due to their inability to store sufficient fat reserves to endure energy-demanding periods such as the mating season or aestivation. As most chameleons have a laterally compressed body and depend on their ability to hide behind branches, the storage of fat reserves might be disadvantageous in terms of predation avoidance. In contrast to many other lizards, chameleons do not store fat in their tail (Pond, 1978) . Additionally, chameleons rely on camouflage, but are the slowest of all lizards (AbuGhalyun, 1988), and when they are detected by a predator they have only a small probability of escaping. Ultimately, the reduced possibility of survival after detection of a predator and inability to store fat to endure strenuous periods might have selected for fast live cycles. The restricted time and probability of reproduction may also have driven the often mentioned high aggression in males (e.g. Nečas, 1999; Karsten et al., 2009) probably resulting in intense intrasexual selection in this group. Especially males offer large casques that are a good indicator of bite force as males bearing higher heads probably have more jaw musculature, and in some species, casque height is positively correlated with fighting outcome (Stuart-Fox et al., 2006) .
However, one of the largest chameleon species Parson's chameleon Calumma parsonii takes 3 to 5 years to reach maturity (Brady and Griffiths, 1999) . A recent study of this species based on skeletochronology of preserved specimens found that the highest minimum age was nine years for one male and eight years for a female, affirming a considerably longer lifespan (Tessa, Glaw and Andreone, 2017) . This species occurs in rainforests where environmental conditions are more stable, which might explain the slower life history compared to the ones reported here. Given the lack of long-term studies, further examinations are necessary to evaluate differences in life histories from chameleons originating from seasonal or more stable habitats.
Species abundances
We found that seasonality had an influence on species composition. In the second field season, we compared the abundances of F. labordi, F. cf. nicosiai and F. oustaleti directly. The cohort of adult F. labordi was the most abundant one until May, while the number of adult F. cf. nicosiai was relatively low, followed by adult F. oustaleti. Nevertheless, it is possible that the number of adult F. oustaleti was underestimated since they chose the highest roosting places and might therefore sometimes not have been detected. Regarding adult cohorts in the rainy season, our findings support those of Randrianantoandro et al. (2010) , who examined chameleon populations in western dry forests of Madagascar. We add to this information by showing that there are pronounced seasonal fluctuations in species abundance and the timing of age cohorts.
From their point of hatching, the detection of juveniles F. oustaleti and F. cf. nicosiai increased substantially. From June onwards, juveniles of F. cf. nicosiai followed by F. oustaleti were the most abundant cohort. The fact that only a few hatchlings were found in both species is probably due to the fact that the forest is highly foliated during this period, hampering detection. Hatchlings of F. labordi were found in November, when the forest is not yet abundantly covered with vegetation.
Survival rates
The probability and frequency of recaptures was lowest in the cohort of F. labordi. Here, besides intrinsic mortality risks with age, the declining detection over time may be due to external sources of mortality, such as predation and starvation. The probability to capture an adult F. cf. nicosiai for a second time was higher compared to F. oustaleti, but the probability for repeated recapture was higher in F. oustaleti, indicating some survival advantages in this cohort. Highest number of recaptures were for juvenile F. oustaleti, followed by juvenile F. cf. nicosiai, suggesting that the survival probability until the following reproductive season is relatively high. The patterns of survival as a function of body size and age at maturation coincide with those of lizards documented by Shine and Carnov (1992) .
Growth rates
Furcifer labordi exhibited fast growth, F. oustaleti very fast growth and F. cf. nicosiai relatively slow growth. As an annual species, F. labordi invests all available energy into growth and reproduction in one season. Furcifer oustaleti hatches around the peak of the rainy season when insect food is abundant, enabling fast growth rates. At the onset of the dry season, juveniles are large-sized, which might provide an advantage with respect to predation. Since the cohort of F. cf. nicosiai hatches later in the rainy season, the period when insects are abundant is shortened, and probably results in slower growth. Conversely, their small size might protect these juveniles from detection of predators during the dry season. At least in F. labordi and F. cf. nicosiai we were able to show gradual growth after maturation. As fecundity in most female reptiles often increases with increasing SVL (Meiri, Brown and Sibly, 2012) , continuous growth might provide an advantage for further clutches.
Interestingly, adult F. labordi and F. cf. nicosiai had smaller average SVL in the reproductive season in 2015 compared to 2014. The smaller SVL might be explained by the lower vegetation cover at the onset of the rainy season in 2014/15. Additionally, heavy rainfalls and heavy cyclones in 2015 might have interfered with foraging. These observations indicate that growth rates and adult SVL in these species might depend strongly on environmental factors. Diaz-Paniagua et al. (2002) found similar pattern in females of the common chameleon (Chamaeleo chamaeleon), which exhibited smaller SVL in drier years. In contrast to our findings, Karsten et al. (2008) reported ceasing growth in adults with the onset of the reproductive season, and even negative growth was found in a small set of marked-recaptured males. Reptiles as a group are known for indeterminate growth after maturation (Halliday and Verrell, 1988) . The stagnating or even negative growth might be explained by the reduced availability of resources, inducing these specimens to invest more energy into fast reproduction.
Reproduction rates
As the smallest of our study species, F. labordi has the smallest clutch size (6-8 eggs) . Although, we have no information about the clutch size of F. cf. nicosiai, we estimate that females of this species to lay 10-30 eggs, as known from similar-sized F. pardalis females (Müller, Lutzmann and Walbröl, 2016; Gehring and Althaus, 2017) . Furcifer oustaleti was recorded to have an average clutch size of 42 eggs (n = 24) (Smith et al., 2016) . These findings are in accordance with those reported by Meiri, Brown and Sibly (2012) , who found that lizard species with larger mean adult female SVL tend to have larger clutch sizes. Interestingly, though adults of all three species differ significantly in SVL, hatchlings were similar-sized. In F. pardalis, Dierenfeld et al. (2002) mentioned that SVL from neonates range from 25-30 mm. As documented in our study, larger chameleon species need longer to reach maturity, but survival probability over time is comparatively low, which might drive their investment in a larger numbers of eggs, rather than larger offspring.
Roosting heights
We found interspecific differences in roosting heights among all three species that might be related to habitat and food partitioning. Our findings resembled those of a previous study in western Madagascar (Randrianantoandro et al., 2010) . Roosting site selection by chameleons remains poorly investigated but is probably related to the avoidance of nocturnal predators (e.g. snakes), as well as foraging opportunities the next day. Additional data on behavior and feeding biology are necessary to develop a better understanding of whether differences in the roosting heights are related to diurnal resource partitioning.
Interestingly, the roosting heights of F. labordi and F. cf. nicosiai differed between 2014 and 2015. Both species seemed to prefer lower roosting heights in 2015, perhaps due to extremely heavy rainfall. Nevertheless, a denser foliage during the latter rainy season might have had a negative influence on the detection of individuals at higher roosting places. Some authors suggested that chameleons shift roost sites depending on weather conditions, such as rainfall, wind and cold temperatures, resulting in roosting sites on inner branches or under leaf cover (Raselimanana and Rakotomalala, 2003) . However, roosting site selection was found to be connected to perch diameter and thus likely related to hand and foot size (e.g. Razafimahatratra et al., 2008) , so that the vertical distribution of the present study species might be size-dependent. Moreover, Akani et al. (2001) found that roosting and foraging sites differ strongly because chameleons moved from roosting to foraging sites during the day. Therefore, roosting sites might not always reflect foraging sites.
